Abstract. Using non-relativistic effective theories, new next-to-next-to-leading order (NNLO) QCD corrections to the total tt production cross section at the Linear Collider have been calculated recently. In this article the NNLO calculations of several groups are compared and the remaining uncertainties are discussed. The theoretical prospects for an accurate determination of top quark mass parameters are discussed in detail. An outlook on possible future improvements is given.
Introduction
Top-antitop quark pair production close to the threshold will provide an integral part of the top quark physics program at the Linear Collider (LC). The theoretical interest in the top-antitop quark threshold arises from the fact that the large top quark mass and width (Γ t ≈ 1.5 GeV) lead to a suppression of nonperturbative effects [1, 2, 3] . This makes perturbative methods a reliable tool to describe the physics of non-relativistic tt pairs, and allows for measurements of top quark properties directly at the parton level. Due to the large top width the total tt production cross section line shape is a smooth function of the energy, which rises rapidly at the point where the remnant of a toponium 1S resonance can be formed. From the energy where this increase occurs, the top quark mass can be determined, whereas shape and height of the cross section near threshold can be used to determine Γ t , the coupling strength of top quarks to gluons and, if the Higgs boson is not heavy, the top Yukawa coupling [4] . From differential quantities, such as the top momentum distribution [5, 6] , the forward-backward asymmetry or certain leptonic distributions [7, 8] , one can obtain measurements of Γ t , the top quark spin and possible anomalous couplings.
The measurements of the top quark mass and the total top quark width from a threshold line shape scan are particularly interesting. In contrast to the standard top mass determination method, which relies on the reconstruction of the invariant mass of jets originating from a single top quark, the line shape measurement has the advantage that only colour-singlet tt events have to be counted. Therefore, the effects of final state interactions are suppressed, and systematic uncertainties in the top mass determination are small. For the total top quark width only a few other ways to determine it directly are known. Simulation studies, which also took into account the smearing of the c.m. energy from beam effects, have shown that, for a total luminosity of 100 fb −1 , statistical and systematical experimental uncertainties in the top mass determination are below 50 MeV [9] . The top quark width can be determined with experimental uncertainties of better than 20% for given top quark mass and α s [10, 11, 12] .
With this prospect in view it is obvious that a careful analysis and assessment of theoretical uncertainties in the prediction of the total cross section is mandatory, in order to determine whether the theoretical precision can meet the experimental one. Within the last two years, considerable progress has been achieved in higher order calculations of the total cross section. Using the concept of effective field theories, calculations of NNLO QCD corrections to the total cross section have been carried out by several groups: Hoang-Teubner [13, 14] . In contrast to previous LO [20] and NLO calculations [4, 5, 6, 7, 8, 21] , the new results at NNLO do not rely on potential models that need phenomenological input, but represent first-principle QCD calculations. The results are not just some new higher order corrections, but have led to a number of surprising and important insights. The NNLO corrections to the location where the cross section rises and the height of the cross section were found to be much larger than expected from the known NLO calculations. It was suggested that the large corrections to the location of the rise are an artifact of the on-shell (pole) mass renormalisation [22] . Several authors realized that the quark pole mass cannot be extracted with an uncertainty smaller than O(Λ QCD ) from non-relativistic heavy quark-antiquark systems [23, 22, 24] . New top quark mass definitions were subsequently employed to allow for a stable extraction of the top quark mass parameter [17, 14] . The remaining uncertainties in the normalisation of the cross section seem to jeopardise the measurements of the top width, the top quark coupling to gluons, and the Higgs boson. The results obtained by all groups are formally equivalent at the NNLO level. However, they differ in the use of the calculational methods and the intermediate regularization prescriptions, and their treatments of higher order corrections. Apart from analysing the theoretical uncertainties estimated from the result of
